Nine Zoogloea strains, were examined for their ability to utilize 35 
Although the literature is replete with reference to the appearance of Zoogloea in wastewaters, only recently have intensive studies been undertaken on axenic cultures of these bacteria (6, 7, 10, 12, 23, 24) . Generally, these studies have revealed the need for extensive characterization of the genus Zoogloea in order that the taxonomy of this group may be clarified. Zoogloea strains have been shown to utilize sodium benzoate and sodium m-toluate as sole carbon and energy sources (22, 24) . The present investigation concerns the ability of Zoogloea strains to utilize a variety of aromatic compounds and is a sequel to earlier work on the nutritional characterization of these bacteria (22) (23) (24) .
Zoogloea-forming bacteria, including Z. ramigera, have been considered by some to be functionally important in aerobic, biological wastewater treatment (3) (4) (5) . Dias and Bhat (8) characterized 319 bacteria from activated sludge isolated on sewage agar and identified 126 of them as Zoogloea strains. Further studies are needed to elucidate the role of Zoogloea in polluted waters. However, as stated by Crabtree and McCoy (6) , past workers have experienced difficulty in isolating this organism. Conventional bacteriological isolation techniques generally have not been satisfactory for rapid isolation. These bacteria grow slowly, produce indistinct, punctiform, nonpigmented colonies, and often become overgrown by other microorganisms on primary isolation media. Most workers _ave employed the uncertain and time-consuming dispersion-serial dilution technique of Butterfield (3) or some modification of this technique (5, 10, 12, 14, 18, 25) . Crabtree and McCoy (6) isolated Z. ramigera I-16-M, a floc-forming, nonzoogloeal bacterium, from an enrichment culture by using a spread-plating procedure. Unz and Dondero (23) Sources. Sources of primary inocula used in isolation work are given in Table 4 (17) . Zoogloeal formation was determined by treating wet mounts of microbial flocs with skim milk (9) and microscopically observing for a sharply defined matrix boundary against the skim milk background (Fig. 1 ). Cells were measured from photomicrographs. Staining reactions (Hucker's modification of the Gram stain and Burdon's test for sudanophilicity), litmus milk changes, Koser citrate utilization, indole formation, and nitrate reduction were determined by using standard procedures (20) . Catalase was determined by treating 3 ml of concentrated cells with 2 drops of 30% H202. Oxidase, urea hydrolysis, H2S production (peptone-cysteine --sulfate medium and the lead acetate paper method), acid and gas production from carbohydrates, starch hydrolysis, and gelatin hydrolysis were determined by test procedures of Skerman (19) and media formulations of Unz and Dondero (23) . Crystal violet decolorization was tested by using the method of Friedman and Dugan (12) . RESULTS Aromatic compounds. The results of studies on the utilization of aromatic compounds by Zoogloea strains are summarized in Table 1 . All strains of Unz and Dondero (23) utilized benzoate, m-toluate, p-toluate, phenol, o-cresol, m-cresol, and p-cresol. In addition, certain strains grew on other aromatic compounds. Z. ramigera I-16-M did not utilize any of the aromatic compounds tested, except Ltyrosine.
The strains occasionally formed zoogloeal flocs in media containing sodium benzoate or sodium m-toluate, but growth on aromatic compounds was usually in dispersed-cell form. Early stationary-phase cells obtained on sodium benzoate or sodium lactate were filled with highly refractile, sudanophilic granules which presumably were poly-fl-hydroxybutyric acid (23) . Strains growing on sodium benzoate, sodium m-toluate, and o-cresol produced a yellow-green color in culture media after 2 days and a chocolate brown color in 7 days. The yellow-green color formed when washed cells were incubated with catechol or methylsubstituted catechols. A spectroscopic analysis of the culture fluids revealed absorption peaks between 375 and 385 nm at pH 7.1 and between 310 and 320 nm at pH 2.5 ( Table 2) . Spectra of the sodium m-toluate-, o-cresol-, and 3-methyl catechol-containing culture fluids were similar to that of the meta cleavage product of 3-methyl catechol (2) . Spectra of sodium benzoate or catechol culture fluids were similar to that of 2-hydroxymuconic semialdehyde (16) .
No absorption maxima, characteristic of The aromatic compounds found to support the growth of eight of the nine strains were evaluated in growth yield experiments. The results of a typical experiment with Z. ramigem 106 are given in Table 3 . Cells were harvested in the declining growth phase as determined from growth curves. The wide carbonto-nitrogen ratios obtained with cells cultured in sodium benzoate and sodium lactate apparently resulted from accumulation of intracel- They were inoculated with a loopful of the scum layer which developed in 24 to 48 hr on the surface of beakers of settled activated sludge. The scum layers were largely composed of fingered bacterial zooglopas similar in appearance to those described by Amin and Ganapati (1) .
Sodium benzoate was found to be insufficiently restrictive to the growth of many microorganisms, resulting in difficulty in locating colonies which might be purified to yield Zoogloea strains. One zoogloea-forming bacterium was isolated on sodium benzoate. Phenol and o-cresol visibly supported growth of fewer numbers of microorganisms than did sodium benzoate, and colonies which developed were very small and difficult to manipulate. Two zoogloea-forming bacteria were isolated on ocresol, and none was isolated on phenol. Sodium m-toluate did not support growth of as many microorganisms as did sodium benzoate; with experience, it was possible to recognize colonies which could be purified to yield zoogloeal bacteria. Incubation temperature did not influence the results of isolation. Based on the results of preliminary experimentation, the sodium m-toluate medium was used in remaining isolation work, and all plates were incubated as 28 C. After 2 to 3 days, punctiform colonies of various microorganisms appeared, and a diffusable yellow-green color indicative of meta cleavage of the aromatic ring developed along the path of heaviest inoculation. In 5 to 6 days, large (2 to 3 mm), raised or convex, glistening, tough, cohesive colonies developed which were selected for purification (Fig. 2) . These colonies were usually the largest present and became brownish or developed dark brown centers if incubated for a total of 7 to 10 days. The tenacious colonies were difficult to pick, and reisolation was usually necessary to ascertain purity.
Thirty-seven zoogloea-forming bacteria were isolated from several sources on the sodium mtoluate medium (Table 4 ). The initial inexperience in selecting and purifying appropriate colonies is reflected in the relatively low percentage of zoogloea-forming bacteria isolated from mixed liquor and settled activated sludge. Besides wastewater, zoogloea-forming Table 5 .
DISCUSSION
With the exception of Z. ramigera I-16-M, all the strains studied utilized certain non-nitrogenous aromatic acids and-phenolic substances. These compounds are present and discharge in certain industrial wastes and may thus become available as carbon sources for zoogloeas in polluted waters. Spectroscopic analyses provided presumptive evidence that sodium benzoate, sodium m-toluate, and o-cresol are degraded by certain Zoogloea strains via meta cleavage of the aromatic ring (11, 16) .
The salient properties of Zoogloea are Zoogloea formation, denitrification, urea hydrolysis, gelatin hydrolysis, and oxidase and catalase activities (23) . With the exception of urea hydrolysis, nearly all of our zoogloea-forming bacteria possessed these characteristics. In addition, the zoogloea-forming bacteria did not utilize any of the carbohydrates, with the exception of five strains which produced acid from xylose. Unz and Dondero (23) found that 3 of 65 strains formed acid from xylose but that none utilized Koser citrate. or produced H2S. Twenty-one of our zoogloea-forming bacteria utilized Koser citrate, and six strains produced H2S. Overall, the 40 Zoogloea isolates resembled the three Zoogloea strains of Unz and Dondero (23) , including strain 106 which has been proposed to replace Z. ramigera I-16-M as the neotype strain of Z. ramigera Itzigsohn (22) . All of the newly isolated zoogloea-forming bacteria may be properly identified as strains of Zoogloea. We suggest that the test for meta cleavage of catechols be included in future taxonomic studies of bacteria suspected to be Zoogloea species.
The sodium m-toluate medium proved satisfactory for convenient isolation from various wastewater sources. The organisms were distinguished by large colonies which were often tinted yellow-green by meta cleavage products or brown, depending on age. Friedman and Dugan (12) isolated a strain of Z. ramigera earmarked by colonies which decolorized crystal violet. None of our strains did.
It is obvious that the sodium m-toluate medium would not suffice for the isolation of zoogloea-forming bacteria unable to utilize the primary carbon source. Strains isolated in the present study appear different from cultures recently described by several other investigators (7, 12, 13) . However, it is believed that the reference cultures of Unz and Dondero (23) are authentic in that they were isolated by micromanipulation from fingered wastwater zoogloeas similar in appearance to those originally described and named Z. ramigera by Itzigsohn (15) .
It is anticipated that the sodium-m-toluate medium described in this report will prove valuable for the isolation of Zoogloea strains and, thereby, aid future physiological and ecological studies of these bacteria.
